In this study, we investigate the impact of Odd-Even rationing of vehicles plying on the roads of the National Capital city of Delhi, India on air pollution levels by considering both residential and industrial areas of Punajbi Bagh, R.K. Puram, Anand Vihar, Mandir Marg, NSIT Dwarka and Shadipur of the city and have analyzed its impact by employing event study technique and by utilizing daily data of NO 2 , SO 2 , O 3 , PM 10 and PM 2.5 . A ±15 day window has been considered for our analysis to assess the impact on air pollution levels pre-odd even rationing and post-odd even rationing and has statistically investigated whether this bold move by the State Government of Delhi has helped in the reduction of air pollution levels in the city or not. With the State Government considering implementing Odd-Even rationing permanently, the present study is intended to provide insights to policy makers to take an informed decision and also facilitate in implementing future policies for controlling air pollution levels in the city.
Introduction
Delhi, the National capital territory of India, has always been known world-wide for its rich historical sculptures, monuments and is now infamously known for its Air Pollution levels. World Health Organization [1] in their study in December 2014 found that 13 of the 20 most polluted cities of the world are from India and Delhi tops this infamous list by having six times more airborne particulate matter that are considered to be safe compared to normal level which is shocking, alarming and something which needs to be addressed immediately. The average PM 2.5 levels in Delhi for Dec-Jan 2015 was 226 which was recorded by the US embassy compared to Beijing's 95 for the same period implying that New Delhi's air quality is almost twice as bad as that of Beijing's air quality. According to WHO's air quality guidelines the safe levels for PM is 20 μg/m 3 (annual mean) for PM 10 menting Odd-Even rationing permanently, the present study is intended to provide insights to policy makers to take an informed decision and also facilitate in implementing future policies for controlling air pollution levels in the city.
The rest of the paper is structured as follows: In Section 2, we discuss the Air Pollutants found in Delhi's atmosphere and their possible impact on human health and some of the measures taken by Government to address this issue. In Section 3, we discuss our data, methodology and present our empirical findings of impact of Odd-Even rationing of vehicles plying on the roads on air pollution levels in Section 4 and conclude our study in Section 5.
Air Pollutants
First, Particulate Matter which is a complex mixture of both organic and inorganic substances suspended in air, affects the health of the people more than any other pollutant.
The major components are sulfate, sodium, chloride, nitrates, ammonia, mineral dust, black carbon, and water. Particulates less than or equal to diameter of 10 microns are most health damaging which have the capability to penetrate and lodge deep into the lungs and can even cause cardiovascular and respiratory diseases as well as lung cancer [4] . Sulfur Dioxide (SO 2 ), a colorless gas with a sharp odor, is produced from the burn-ing of sulfur containing fossil fuels like coal & oil, smelting mineral ore containing sulfur, power generation and motor vehicles. SO 2 in combination with water causes sulfuric acid which is the main constituent of acid rain and the main cause of deforestation. This gas can affect the respiratory system and functions of lungs, irritation in eyes, mucus secretion, inflammation of the respiratory tract, aggravation of asthma and chronic diseases [4] . Nitrogen Dioxide (NO 2 ) is a toxic gas which causes significant inflammation in the airways, is the main source of nitrate aerosols, which forms an important fraction of PM 2.5 and in the presence of the ultraviolet light of the ozone. The main sources of the emission of NO 2 are heating, power generation and engines in vehicles and ships. There has been sufficient evidence that long-term exposure of NO 2 leads to symptoms of bronchitis in asthmatic children. Ozone at ground level is one of the chief constituents of photochemical smog and should not be confused with ozone layer in the upper atmosphere. Ozone is formed with the reaction of sunlight with nitrogen oxide emitted from vehicles and industries, emission of volatile organic compounds emitted from vehicles, solvents and industry. Sunny days witness the highest levels of ozone. Breathing problem, trigger asthma, reduced lung functions are some of the side effects of ozone level increase [4] .
In literature with respect to Indian context we find studies by [5] who focused on assessing the impact of field burning on aerosol mass loading and likely health implications by considering rural area of India. [6] in their study explored the role of citizen infrastructure in Mumbai and also the ecological priorities in the city of Mumbai, India. [7] in their study emphasized the necessity of spreading understanding among the people to curtail emissions during festivals such as Diwali and spread awareness about allied hazards. [8] in their study illustrate the connect between dust episodes and associated local scale regional aerosol optical properties by considering the region of Jaipur very close to Thar Desert of India. [9] in their study focused on influence of bursting of crackers/fireworks during Diwali fireworks on surface ozone (O 3 ), nitrogen oxides (NO x ) and BC aerosol concentration over the city of Hyderabad, India for the time period between 2009 to 2011. [10] in their study examined the possible reasons for unusually low tropospheric column ozone which was observed in July 2002 over parts of eastern India when there was drought in the country.
To control the increasing pollution in the National Capital Territory of Delhi, various steps have been taken from time to time by the citizens, Government and the Honorable Supreme Court of India. In the writ petition (Civil) [No. 13029/1985 ] filed under Article 21 of the Constitution of India regarding air pollution in Delhi, M.C. Mehta Vs Union of India, Honorable Supreme Court of India passed several orders/directions to deal with the situation arising from time to time due vehicular pollution [3] . Some of them include: a) Elimination of leaded fuel from NCT of Delhi; b) Supply of pre-mix petrol for two stroke engines of two wheelers and auto; c) Replacement of all pre-1990 autos and taxis with new vehicles on clean fuels; d) No buses older than 8 years to ply other than that of CNG and clean fuel and entire bus fleet to be converted to CNG; e) India's largest Natural Gas processing and distribution company GAIL to expedite and expand from 9 to 80 CNG outlets; f) CPCB/DPCC to setup few more stations and strengthen the air quality monitoring stations for monitoring critical pollutants [2] . Apart from the above mentioned directives, various other directions were given to various other authorities to control the increasing air pollution levels in Delhi [11] .
With the help of the directions given by the court and the constant support from the citizens of the state of Delhi it has been possible to implement maximum of the directions, resulting in the improvement of the situation, but still it being worse. The Government of Delhi has taken various steps to control the growing levels of pollution in the city, which includes, but not limiting to [12] were allowed on the odd days and even on the even days. This was implemented from 1 st January, 2016 to 15 th January, 2016. This was a 15 day trial by the government in which was in effect for 12 hours daily, i.e., from 8 AM to 8 PM. Two wheelers and the commercial vehicles were kept out of the ambit of the odd even formula and were allowed on all the days. To help the people of the city in their daily schedule, the government reduced the frequency of the metros by increasing the number of trains by introducing 70 additional trips, augmenting the daily carrying capacity by over 6 lakh [13] .
DTC roped in additional 3000 buses from the scheme, augmenting the carrying capacity of busses from 48 lakh to 60 lakh. Delhi has nearly 90 lakh registered vehicles, of which one third is cars and some 1500 new vehicles are added on daily basis [13] .
Research Methodology

Data
Delhi air quality data was collected from the Delhi Pollution Control Committee and 
Event Window
Use In order to gauge the effect of the event on the quality of air, a 45 day event win-dow has been setup, with 15 days being before the event period, 15 days after the event period and the event period of 15 days, during which the odd-even technique of controlling pollution was implemented by the Delhi Government.
Method
In order to study the impact of odd-even technique in the National Capital City of Del- To analyze the impact of the technique, mean is calculated for the event window, which is compared with the pre and post event mean to check whether there were any changes in the condition of pollution before the implementation and after the implementation of the technique with that of the event period. Even days mean and odd days mean has also been calculated which will help us assess whether a) Either the city has more number of registered vehicles of that particular group; or, b) That particular group pollutes more; or, c) Comparatively more number of vehicles were present on the road on those days. The findings of our study is compared with the standard set by
National and WHO standards to analyze the deviation from the actual mean and to assess the impact of this exercise of Odd-even rationing on air pollution levels to facilitate future policy. The findings as mentioned in Table 1 Table 1 shows the air pollution levels in the area of Punjabi Bagh which is majorly a residential area of the city of Delhi. Almost all the parameters of measuring the air pollution of an area were found out to be way above the National and the WHO standards.
Findings and Discussion
The pollution levels for PM 10 Table 2 shows the air pollution levels in the area of R. K. Puram, which is a residential area in the city of Delhi. Almost all the parameters were found out to be way above the National and the WHO standards. PM 2.5 and PM 10 turned out to be the most harmful gases in the R.K Puram area having values 83.97% and 73% above the set national standard and a deviation of 93.31% and 86.5% with respect to WHO standards. Table 3 shows the air pollution levels in the area of Anand Vihar, which is an industrial as well as residential area in the city of Delhi. We find a huge drop in the PM 10 which is a big concern. Table 5 shows the air pollution levels in the area of Shadipur, which is an industrial area in the city of Delhi. We find that PM 2.5 is the main pollutant in all the phases' of study. Due to the presence of the industries in the area, particulate matters are emitted due to combustion of solid and liquid fuels such as for power generation. There was not much of a change in the values of SO 2 , NO 2 and O 3 . Except for PM 2.5 all the other parameters have a value within the national safety limits. All the parameters show a fa- Overall from our empirical analysis we find that the major pollutant in the national capital city of Delhi is PM 2.5 followed by PM 10 . The value of PM 2.5 is seen as high as 426.7 in Anand vihar, while the highest value recorded for PM 10 was 676.1 in the same area. Across all areas in the city, Anand Vihar witnessed the highest pollution figures across all the set parameters.
Conclusions
In the study, we investigate the impact of Odd-Even car rationing in the city of Delhi for the first phase (January 2016) in the areas of Punjabi Bagh, R.K. Puram, Anand Vihar, Mandir Marg, NSIT Dwarka and Shadipur by applying the event study technique for quantifying the results into pre event, post event and the even phase period. We find that the maximum pollution level is seen in the area of Anand Vihar where the major pollutant was PM 10 . The major pollutant in the city was found out to be PM 
